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RESUMEN
El estudio de la capa límite es imperativo, ya que las condiciones meteorológicas adversas en esta parte de 
la atmósfera afectan el ambiente y diversos aspectos de las actividades de un país, y repercuten en el entorno 
VRFLRHFRQyPLFRGHXQDUHJLyQ/DVFDUDFWHUtVWLFDVGHODFDSDOtPLWHVXSHU¿FLDOVHHVWXGLDQSRUPHGLRGHOD
variaciyQYHUWLFDOGHÀXMRVGHFDORUKXPHGDGímpetu y energía cinética, así como del número de Richard-
son, durante la temporada previa al monzón (abril-mayo) en Kharagpur (22º 30’ N, 87º 20’ E) y Ranchi 
(23º 32’ N, 85º 32’ E), con datos provenientes de torres de 50 y 32 m de altura, respectivamente, en días 
FRQ\VLQWRUPHQWD6HREVHUYDTXHODYDULDFLyQWHPSRUDOGHORVÀXMRVGHQWURGHODFDSDOtPLWH\ODHQHUJtD
cinética en varias alturas logarítmicas VRQVLJQL¿FDWLYDVDOFRPSDUDUGtDVFRQWRUPHQWD\VLQHOOD/RVÀXMRV
GHFDORU\GHtPSHWXH[KLEHQSLFRVPi[LPRVPLHQWUDVTXHHOÀXMRGHKXPHGDGPXHVWUDXQDGLVPLQXFLyQ
V~ELWDMXVWRDQWHVGHODWRUPHQWD/DVFRQGLFLRQHVGHOYLHQWRGHVHPSHxDQXQSDSHOFUXFLDOHQODHVWDFLyQ
de Kharagpur, situada tierra adentro en las cercanías del Golfo de Bengala, a diferencia de la estación de 
Ranchi, ubicada en un terreno PRQWDxRVRGH&KRWDQDJSXU(OHVWXGLRPLFURPHWHRUROyJLFRGHODFDSDOtPLWH
supuso un importante hallazgo concerniente a la observación de las tormentas, pues se observó que la razón 
de la temperatura potencial (ș) y la temperatura potencial equivalente (șe) se mantiene dentro de los límites 
de un rango crítico de 0.85 a 0.90 durante el tránsito de estos fenómenos.
ABSTRACT
Studying the boundary layer is imperative because severe weather in this portion of the atmosphere impacts 
on environment and various facets of national activities and affects the socioeconomic scenario of a region. 
1HDUVXUIDFHERXQGDU\OD\HUFKDUDFWHULVWLFVDUHLQYHVWLJDWHGWKURXJKWKHYHUWLFDOYDULDWLRQRIÀX[HVRIKHDW
moisture, momentum, kinetic energy and Richardson number during the pre-monsoon season (April-May) at 
Kharagpur (22º 30’ N, 87º 20’ E) and Ranchi (23º 32’ N, 85º 32’ E) with 50 and 32 m tower data, respectively, 
RQWKXQGHUVWRUPDQGQRQWKXQGHUVWRUPGD\V7KHWHPSRUDOYDULDWLRQRIÀX[HVZLWKLQWKHERXQGDU\OD\HUDQG
WKHNLQHWLFHQHUJ\DWGLIIHUHQWORJDULWKPLFKHLJKWVDUHREVHUYHGWRYDU\VLJQL¿FDQWO\EHWZHHQWKXQGHUVWRUP
DQGQRQWKXQGHUVWRUPGD\V7KHKHDWDQGPRPHQWXPÀX[HVVKRZDPD[LPXPSHDNZKLOHWKHPRLVWXUHÀX[
VKRZVDVXGGHQDWWHQXDWLRQMXVWEHIRUHWKHRFFXUUHQFHRIWKXQGHUVWRUPV7KHZLQG¿HOGGHSLFWVWRSOD\D
crucial role at the inland station Kharagpur, which is in the proximity of the Bay of Bengal, compared to the 
station Ranchi, situated over hilly terrain on Chotanagpur. The micrometeorological study of the boundary 
OD\HUUHYHDOVDVLJQL¿FDQW¿QGLQJSHUWDLQLQJWRREVHUYHWKHSDVVDJHRIWKXQGHUVWRUPV,WLVREVHUYHGWKDWWKH
ratio of the potential temperature (ș) and equivalent potential temperature (șeUHPDLQVFRQ¿QHGZLWKLQD
critical range between 0.85 and 0.90 during the passage of thunderstorms. 
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1. Introduction
The earth’s surface is the only boundary in the domain of the atmosphere. The characteristics of 
WKHDWPRVSKHUHQHDUWKHVXUIDFHDUHKLJKO\LQÀXHQFHGE\VXUIDFHIULFWLRQFRQYHFWLRQWXUEXOHQFH
and its interaction with the free atmosphere. The surface layer is the region at the bottom of the 
ERXQGDU\OD\HUZKHUHWXUEXOHQWÀX[HVYDU\OHVVWKDQRIWKHLUPDJQLWXGH6WXOO7KH
JURZWKRI WKHFRQYHFWLYHERXQGDU\OD\HU&%/LVGULYHQE\ERWKVXUIDFHÀX[HVRIKHDWDQG
moisture and the entrainment of warm and dry air from the free atmosphere (Kang, 2009). The 
transfer of energy from the generated mesoscale motions to the CBL turbulence results in the 
absence of a spectral gap between the two scales (Nieuwstadt and Brost, 1986). One of the most 
important features of the atmospheric boundary layer (ABL) is the ability to diffuse momentum, 
KHDWDQGPRLVWXUHDFURVV LW *UDQW%RXQGDU\OD\HUKHLJKW WKHYHUWLFDOSUR¿OHVRI WKH
PDVVÀX[DQGWKHXSGUDIWDUHDIUDFWLRQFDQEHGHWHUPLQHGIURPODUJHHGG\VLPXODWLRQV/(6
(Blackadar, 1962; Brown, 1996). The boundary layer transports water vapor and heat to the free 
atmosphere, and the kinetic energy of the atmosphere is lost by dissipation (Sutton, 1953). The 
FKDUDFWHULVWLFVRIWXUEXOHQFHLQWKHWKHUPDOO\VWUDWL¿HGDWPRVSKHULFVXUIDFHOD\HUFDQEHH[SUHVVHG
in terms of the surface layer similarity theory (Kaimal et al.6RUEMDQ7KHWXUEXOHQW
ÀX[HV3DQRIVN\DQG'XWWRQRIPRPHQWXPKHDWDQGPRLVWXUHFDQEHH[SUHVVHGXVLQJDQ
analogy to molecular diffusion as:
z
uKm=  (1)
z
CKH Ph=  (2)
E = Kq CP
q
z
 (3)
where Ĳ, H and EDUHWKHÀX[RIPRPHQWXPKHDWDQGPRLVWXUHUHVSHFWLYHO\Km, Kh, Kq are 
WKHH[FKDQJHFRHI¿FLHQWVRIPRPHQWXPKHDWDQGPRLVWXUHÀX[HVUHVSHFWLYHO\DQG qu ,,  are the 
PHDQVRIZLQGYHORFLW\SRWHQWLDOWHPSHUDWXUHDQGVSHFL¿FKXPLGLW\UHVSHFWLYHO\CPLVWKHVSHFL¿F
heat of air at constant pressure and ȡLVWKHGHQVLW\RIDLU7KHÀX[HVDUHDSSUR[LPDWHO\FRQVWDQW
with height in the surface layer (Businger et al., 1971; Deardorff, 1974). The interaction between 
the low level shear and the gust front is vital for the maintenance of erect updrafts in long-lived 
convective systems (Rotunno et al., 1988). The friction velocity u* represents the velocity scale. 
The vertical change in the mean wind can be represented by u* as
zk
u
z
u *
=  (4)
where k is the von Karman constant.
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Integration of Eq. (4) from z = z0 to a height zJLYHVWKHORJDULWKPLFSUR¿OHRIZLQG
0
* ln
z
z
k
uu =  (5)
A non-dimensional parameter, the Richardson number (Ri) is used as the indicator of atmospheric 
stability and represents the relative importance of convective to mechanical turbulence:
2=
z
u
zT
g
Ri  (6)
where g is the acceleration due to gravity and T is the temperature in degree Kelvin. At the critical 
value of Ri WKHÀRZXQGHUJRHVWKHWUDQVLWLRQIURPODPLQDUWRWXUEXOHQW7KHWHPSHUDWXUH
VWUDWL¿FDWLRQGDPSHQVWKHHIIHFWRIZLQGVKHDUIRURi!7KHUDQJHRi < 0.25 indicates purely 
mechanical turbulence. An important thermodynamic parameter for dry atmosphere is potential 
temperature (ș), which can be used for comparing the thermodynamic inconsistency of air parcels 
under different pressure levels. While the latent heat release is involved, ș is not conserved. The 
equivalent potential temperature (șe), on the other hand, describes the saturated atmosphere that is 
conserved in the saturated and moist adiabatic expansion (Zhou et al., 2009). șe has been widely used 
in many studies of moist atmospheric processes, such as the analysis of stability (Robinson, 1989), 
extra-tropical cyclone (Cao and Cho, 1995), squall line (Hertenstein and Schubert, 1991), frontal 
surface, and rain bands (Gao et al.DE3RWHQWLDOWHPSHUDWXUHș is suitable for absolutely dry 
air and șe in general for absolutely saturated, moist air; thus, both ș and șe have limitations regarding 
their application. However, the real atmosphere is neither totally dry nor completely saturated. It 
is moist but unsaturated. Gao et al. GH¿QHGWKHDWPRVSKHULFVWDWHDVRQHLQZKLFKWKHDLULV
saturated somewhere but not everywhere. The conservation of ș and șe may not thus be properly 
applied to the moist atmosphere.
2. Objectives
In this study the lower 50 m of the atmospheric boundary layer at Kharagpur (22º 30’ N, 87º 20’ E) 
and 32 m at Ranchi (23º 32’ N, 85º 32’ E) on thunderstorm days are analyzed and compared with 
non-thunderstorm days having undisturbed boundary layer. Rapid changes in temperature, humidity, 
wind and pressure gradient are observed during thunderstorm days. The boundary layer becomes 
LQKRPRJHQHRXVDQGQRHTXLOLEULXPÀRZGHYHORSVZLWKLQLW7KHVHDUHLPSRUWDQWGLIIHUHQFHVWRWKH
stationary, homogeneous boundary layer, which has been studied quite broadly (Frank, 1994). The 
50 m tall micrometeorological tower situated at Kharagpur and the 32 m tower at Ranchi provide 
observations of various important meteorological parameters (temperature, humidity, pressure, 
wind speed and direction) at different logarithmic heights and net solar radiation, rainfall at a 
¿[HGKHLJKWQHDUWKHVXUIDFH7KHPLFURPHWHRURORJLFDOWRZHUVDOVRSURYLGHVRLOWHPSHUDWXUHDQG
moisture data at different depths.
7KHREMHFWLYHRIWKLVVWXG\LVWRH[SORUHWKHG\QDPLFDODQGWKHUPRG\QDPLFDOFKDUDFWHULVWLFV
of the surface boundary layer with data of two micrometeorological towers during thunderstorm 
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periods of pre-monsoon months (Manohar et al., 1999). Such understanding of the physical/
dynamical processes (Chaudhuri, 2008a, b) in a better way may be helpful to improve the forecast 
VNLOO+RQJDQG3DQG&KDXGKXULDQG0LGGH\&KDXGKXUL
,Q WKLV VWXG\ WKHPRLVW DWPRVSKHUH LV GH¿QHGDVPRLVW EXWXQVDWXUDWHG WR DYRLG FRQIXVLRQ
between the two states of the atmosphere, which is pertinent for the real atmosphere. The phase 
FKDQJHVDQGPLFURSK\VLFDOSURFHVVHVDUHGLI¿FXOWWRREVHUYHDQGHVWLPDWHWKXVSURJUHVVLQWKHVH
¿HOGVLVYHU\OLPLWHG
3RWHQWLDO WHPSHUDWXUH ș) and equivalent potential temperature (șe) are the parameters 
representing two different conditions of the atmosphere, i.e. dry and saturated, respectively, but as 
IDUDVUHDODWPRVSKHUHLVFRQFHUQHGDPRLVWWKHUPRG\QDPLFSDUDPHWHU073ZKLFKLVWKHUDWLR
of ș and șe may provide a more realistic measure to atmospheric conditions:
eMTP /=  (7)
,QWKHSUHVHQWVWXG\073LVPHDVXUHGZLWKLQWKHQHDUVXUIDFHERXQGDU\OD\HUGXULQJSUHPRQVRRQ
months over the two stations having different orography, on thunderstorm and non-thunderstorm 
days.
3. Site description and implementation
The station Kharagpur is located in the Midnapore district of the state of West Bengal, India, 80 
km inland from the Bay of Bengal. It has an average elevation of 29 m (95 ft) asl (Fig. 1). During 
WKHSUHPRQVRRQPRQWKVRI$SULODQG0D\WKHLQÀRZRQWKHVKDOORZOD\HURIPRLVWVRXWKHUOLHV
or southwesterly wind from the Bay of Bengal near the ground, and dry westerly wind aloft 
represent the main synoptic conditions over Kharagpur (Fig. 2). Severe local convective storms 
are the common weather phenomena during the pre-monsoon season (April-May). Storms usually 
approach the station from a northwest direction. However, very few thunderstorms also approach 
the station from a southwesterly direction. The surface temperature sometimes exceeds 38 ºC. 
The wind speed and direction show diurnal variation as expected due to sea breeze and land 
breeze formation (Lohar et al., 1994). This type of weather prevails every day during the months 
of April and May; however, thunderstorms do not occur every day. Surface trigger and upper air 
GLYHUJHQWÀRZDUHUHTXLUHGIRUWKHJHQHVLVDQGGHYHORSPHQWRIWKHFRQYHFWLYHZHDWKHUOHDGLQJ
to thunderstorms. Surface layer characteristics during thunderstorm and non-thunderstorm days 
VKRZVLJQL¿FDQWYDULDWLRQV2QWKHRQVHWRIVHDEUHH]HWKHJHQHUDOWUHQGREVHUYHGLVDGHFUHDVHLQ
PRPHQWXPDQGKHDWÀX[HVZLWKDQLQFUHDVLQJWHQGHQF\RIPRLVWXUHÀX[ZKLFKLQGLFDWHVDVWHDG\
ÀRZRIFRROPRLVWPDULQHDLUDIWHUWKHSDVVDJHRIWKHVHDEUHH]HRYHU.KDUDJSXU
Ranchi station, on the other hand, has a subtropical climate, which is characterized by a hot 
summer from March to May (mean maximum temperature around 36 ºC). The northernmost and 
southernmost parts of the district are covered with hillocks and forests. Altitude of the place varies 
from 500 to 700 m asl in general. Ranchi has a humid subtropical climate. However, due to its 
hilly topography and combination with dense tropical forests, it is known for pleasant climate. 
7KHVWURQJZHVWHUO\ÀRZDWK3DLVUHVSRQVLEOHIRUVWURQJXSSHUDLUGLYHUJHQFH)LJRYHU
the northeastern part of the country enclosing both stations.
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6XWWRQVXJJHVWHGWZRSDUWVZLWKLQWKHSODQHWDU\ERXQGDU\OD\HU3%/7KH¿UVWRQH
from surface to 100 m, a region with constant stress, unaffected by Earth’s rotation with a wind 
structure governed by surface friction and a temperature gradient; and the second one above 
WKDWOD\HUH[WHQGLQJXSWRPZKHUHYDULDEOHVKHDULQJVWUHVVLVREVHUYHGDQGZLQGSUR¿OH
LVLQÀXHQFHGE\DGHQVLW\JUDGLHQWEXR\DQF\(DUWK¶VURWDWLRQDQGDOVRVXUIDFHIULFWLRQ7KH
ÀX[HVDUHFRPSXWHGXVLQJÀX[SUR¿OHUHODWLRQVKLSV(TV>@>@IURPJUDGLHQWWKHRU\QHDUWKH
ground (i.e. < 10 m). It can be assumed that, close to the ground, Km = Kh = Kq (Sutton, 1953). 
,IZHDVVXPHWKDWWKHSUR¿OHVDUHDSSUR[LPDWHO\ORJDULWKPLFWKHQWKHÀX[HVRIPRPHQWXPKHDW
and moisture take the form
2
12
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=  (8)
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Fig. 1. (a) Location of the micrometeorological towers over Ranchi and 
.KDUDJSXUE&RQWRXUVRIPHDQVHDOHYHOSUHVVXUHK3DGXULQJSUHPRQVRRQ
month April.
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7KHVXUIDFHERXQGDU\OD\HUÀX[HVDUHFRPSXWHGXVLQJ(TVDQG
4. Description of the data
'LIIHUHQWVHQVRUVDUHDI¿[HGWRWKHPLFURPHWHRURORJLFDOWRZHUDWVL[ORJDULWKPLFKHLJKWV
8, 16, 32 and 50 m) at Kharagpur. On the other hand, the boundary layer tower contains various 
VHQVRUVDW¿YHORJDULWKPLFKHLJKWVDQGDWWKHVWDWLRQ5DQFKL7KHVHQVRUVUHFRUG
temperature, relative humidity, wind speed and direction at six levels, as well as net radiation (10 
m), pressure, soil temperature, soil moisture and rainfall every three minutes interval. The sensors 
DWWDFKHGWRWKHPLFURPHWHRURORJLFDOWRZHUDUH+03&/VHQVRUVWKDWPHDVXUHDLUWHPSHUDWXUH
and relative humidity at six logarithmic heights; an RM Young barometric pressure sensor (61205) 
that measures atmospheric pressure; an RM Young wind anemometer (05103-10-L) that measures 
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)LJ7KHK3DZLQGNW analysis 
showing upper air divergent winds 
at 00:00 UTC on (a) April 26, 2007 
(severe thunderstorm over Kharagpur) 
and (b) April 23, 2007 (no thunderstorm 
over Kharagpur).
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(a) May 3, 2009 (severe thunderstorm over Ranchi) and (b) May 11, 2009 (no thunderstorm 
over Ranchi).
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wind speed and direction at six levels; an RM Young 8100 3D sonic anemometer that measures 
fast response winds; an NR Lite (Kipp & Zonen) net radiometer that measures net radiation; 
a soil temperature probe (107B) that measures soil temperature at 10, 20 and 50 cm depths; a 
Texas electronics tipping bucket metric rain gauge (TE525) that measures rainfall amount; and 
DZDWHUFRQWHQWUHÀHFWRPHWHU&6/WKDWPHDVXUHVVRLOPRLVWXUHDWDQGFPGHSWKV
The CS616 measures the volumetric water content of porous media (such as soil) using the 
time-domain measurement method, which consists in generating an electromagnetic pulse. The 
HODSVHGWUDYHOWLPHDQGSXOVHUHÀHFWLRQDUHWKHQPHDVXUHGDQGXVHGWRFDOFXODWHVRLOYROXPHWULF
water content.
These data are collected from the reports of the Severe Thunderstorms Observation and Regional 
Modeling (STORM) program of the Department of Science and Technology (DST), Government of 
India. The sensors attached to the micrometeorological towers and the data measured are reported 
in Table I.
5. Results and discussion
The leading part of a propagating mesoscale convective storm system, arranged in a line, refers 
to the squall line (Gamache et al., 1982). The buoyant updraft associated with the squall line 
transports moisture and static energy from the boundary layer to the upper troposphere. These 
types of thunderstorm activities featuring squall lines are frequent during pre-monsoon seasons 
over the stations Kharagpur and Ranchi. A severe squall line passed over the station Kharagpur 
on  April 26, 2007 at local time 16:30 IST (UTC + 05:30). The turbulent kinetic energy (TKE) or 
ÀXFWXDWLQJNLQHWLFHQHUJ\LVFRPSXWHGXVLQJIULFWLRQDOYHORFLW\(T>@DWGLIIHUHQWKHLJKWVRIWKH
WRZHUV7KHUHVXOWVVKRZDVKDUSULVHLQ7.(ZKHQWKHWKXQGHUVWRUPLVMXVWRYHUWKHVWDWLRQDQG
the observed value exceeds 90 m2/s2 at 50 m height over Kharagpur (Fig. 4). The same pattern is 
observed for the station Ranchi (Fig. 5) on a thunderstorm day (May 3, 2009) but the values of 
kinetic energy are lower (12 m2/s2 at 32 m height). 
Table I. Used sensors and measured parameters in the towers at Kharagpur and Ranchi.
Sensors installed in the towers 
at Kharagpur and Ranchi
3DUDPHWHUVPHDVXUHG
+03&/VHQVRUV Air temperature and relative humidity
CS barometric pressure sensors Atmospheric pressure
RM Young wind anemometer (05103-10-L) Wind speed and directions 
NR Lite 2 net radiometer Net radiation
Tipping bucket rain gauge 3UHFLSLWDWLRQ
Soil temperature probe (107B) Soil temperature at 10, 20 and 50 cm depths at Kharagpur 
and 5,10, 20, 40 and 100 cm depths at Ranchi
:DWHUFRQWHQWUHÀHFWRPHWHU&6/1 Soil moisture at 10, 20 and 50 cm depths
1A larger description is available in section 4.
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'LIIHUHQWHQHUJ\ÀX[HVVKRZVRPHUHPDUNDEOHFKDQJHVGXULQJWKXQGHUVWRUPV1HDUWKHVXUIDFH
EHWZHHQDQGPWKHKHDWÀX[GHSLFWVDFHUWDLQIDOOWRWKHGD\¶VPLQLPXP±.PVMXVW
before the occurrence of thunderstorm and then increases to maximum when the squall passes 
RYHUWKHVWDWLRQ.KDUDJSXUDW,67)LJ7KHYDOXHRIKHDWÀX[RYHU5DQFKLVKRZVGD\¶V
maximum (0.078) while the thunderstorm passes through the station (Fig. 7). However, in the case 
RIDQRQWKXQGHUVWRUPGD\WKHGHFUHDVHZDVQRWVRVKDUSDQGWKHQHJDWLYHYDOXHVRIWKHKHDWÀX[
UHPDLQHGZLWKLQ±.PV2QWKHRWKHUKDQGWKHPRLVWXUHÀX[VKRZVDWUHQGRSSRVLWHWR
KHDWÀX[Figs. 8-97KHPRLVWXUHÀX[LVREVHUYHGWRLQFUHDVHWRPD[LPXPYDOXHDW,67DQG
suddenly decrease during thunderstorm at 16:30 IST; the decreasing trend prevailed until 17:30 IST. 
This is because the rainfall was reported to occur from 16:00 to 17:00 IST due to thunderstorm over 
Kharagpur (Fig. 8$VKDUSIDOOLQPRLVWXUHÀX[ZDVREVHUYHGZKHQWKHWKXQGHUVWRUPSDVVHGRYHU
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Fig. 4. Contour plots of turbulent kinetic energy (m2/s2) within 50 m of the boundary layer on a severe 
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Ranchi at 14:30 IST (Fig. 9). The duration of rainfall is shown with a dashed line in Figures 5 and 
7KHIDOORIWKHPRLVWXUHÀX[HVMXVWEHIRUHWKHWKXQGHUVWRUPFDQEHOLQNHGWRWKHPLFURSK\VLFDO
DVSHFWVRIWKHWKXQGHUFORXG7KHPRLVWXUHÀX[LVREVHUYHGWRULVHDIHZKRXUVEHIRUHWKXQGHUVWRUP
occurrence due to the arrival of sea breeze from the Bay of Bengal. However, the formation of 
FORXGFRQGHQVDWLRQQXFOHL&&1ZLWKWKHDYDLODEOHPRLVWXUHMXVWEHIRUHWKHWKXQGHUVWRUPHYHQW
FDXVHVGUDVWLFUHGXFWLRQRIWKHPRLVWXUHÀX[HV7KHVXUIDFHOD\HUPRPHQWXPÀX[ZLWKLQWR
8 m) showed a high peak (0.177 m2/s2ZKHQWKHWKXQGHUVWRUPZDVMXVWRYHUWKHVWDWLRQDW
IST (Fig. 10). A sudden increase in wind speed during thunderstorm resulted in the presence of 
KLJKPRPHQWXPÀX[ZLWKLQWKHVXUIDFHOD\HU7KHREVHUYHGPRPHQWXPÀX[RYHU5DQFKLVKRZV
a greater value (0.3 m2/s2) during the thunderstorm on May 3, 2009 (Fig. 11). A variation of the 
Richardson number showed negative values few hours before the thunderstorm and attained a 
value of 0.25 when the storm crossed the station at 16:30 IST (Fig. 12); then increased suddenly to 
the maximum value of 4.88 at 17:30 IST and further decreased to a very low value at 18:30 IST. 
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Richardson number represents the ratio of buoyancy and shear. Just before the arrival of 
thunderstorm over the station, the shear dominates over buoyancy and the opposite occurs when 
WKHVWRUPSDVVHVRYHUWKHVWDWLRQ9DULDWLRQVRIKHDWPRLVWXUHDQGPRPHQWXPÀX[DORQJZLWK
rainfall amount are plotted (Figs. 13-15) for a thunderstorm day on April 16, 2007, at Kharagpur. 
7RPDNHWKHUDLQIDOODPRXQWYDOXHFRPSDUDEOHZLWKWKHÀX[HVWKHDFWXDOUDLQIDOOLQPPLV
multiplied by 10±, 10± and 10±IRUWKHKHDWPRLVWXUHDQGPRPHQWXPÀX[UHVSHFWLYHO\+HDWDQG
PRPHQWXPÀX[HVDUHLQFUHDVHGDORQJZLWKUDLQIDOODVWKHWKXQGHUVWRUPDSSURDFKHVWKHVWDWLRQ
ZKHUHDVWKHPRLVWXUHÀX[GHFUHDVHVDVUDLQIDOOVWDUWVZKLFKLVTXLWHREYLRXVGXHWRFRQWLQXRXV
loss of atmospheric moisture as rainfall.
The surface layer of the ABL thus responded differently and there are marked differences in its 
characteristics during thunderstorm and non-thunderstorm days. The presence of a pressure trough, 
low pressure areas and converging wind with adequate amount of moisture in the lower troposphere, 
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DORQJZLWKGLYHUJHQWÀRZLQXSSHUWURSRVSKHUHJHQHUDOO\DVVRFLDWHGZLWKXSSHUWURSRVSKHULFZHVWHUOLHV
RUWURSLFDOMHWVWUHDPDUHDYHU\VLJQL¿FDQWV\QRSWLFIHDWXUHLQWKHJHQHVLVRISUHPRQVRRQ$SULO
May) thunderstorms over this part of the country. The results reveal that the presence of such 
favorable synoptic situations enhanced the possibility of severe thunderstorm over the location. 
Analyses of ș and șe show an interesting trend within the surface layer. A thunderstorm day over 
Kharagpur (April 26, 2007) reveals a variation in the ratio ș/șe, which is different than a non-
thunderstorm day (April 23, 2007) (Fig. 16). The value of the ratio ș/șe is observed to rise abruptly 
UHDFKLQJWKHGD\¶VPD[LPXPMXVWEHIRUHWKHRFFXUUHQFHRIDWKXQGHUVWRUP$W\SLFDOYDOXHRIWKH
UDWLRLVLGHQWL¿HGWREHDURXQGGXULQJWKHSDVVDJHRIDWKXQGHUVWRUP7KHGD\¶VPLQLPXPYDOXH
of the ratio remains on the higher side (0.74) for thunderstorm days compared to non-thunderstorm 
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days (ș/șe = 0.68). Over Ranchi, a typical thunderstorm day (May 3, 2009) shows the maximum 
value of ș/șeWREHMXVWEHIRUHWKHSDVVDJHRIWKHVTXDOOWKURXJKWKHVWDWLRQ)LJ$W\SLFDO
QRQWKXQGHUVWRUPGD\0D\RYHU5DQFKLVKRZVDÀXFWXDWLQJSDWWHUQ)LJEXWPD[LPD
QHYHUH[FHHGZKLFKLVDW\SLFDOYDOXHMXVWEHIRUHDWKXQGHUVWRUP7KHFKDQJHVLQWKHYDOXHRI
WKHUDWLRDVWKHVWRUPDSSURDFKHVWKHVWDWLRQDUHYHU\VSHFL¿F7KHPD[LPXPDQGPLQLPXPYDOXHV
RIWKHUDWLRRQYDULRXVVLJQL¿FDQWWKXQGHUVWRUPGD\VDORQJZLWKVRPHQRQWKXQGHUVWRUPGD\VRYHU
Kharagpur and Ranchi are given in Table II. The box-whisker plot in Figure 18 shows the variability 
RI073ș/șe) for thunderstorm and non- thunderstorm days over Kharagpur and Ranchi. Though 
WKHYDOXHVVKDUHVRPHFRPPRQUHJLRQPD[LPXPDQGPLQLPXPYDOXHVRI073VRQWKXQGHUVWRUP
days are markedly different than those of non-thunderstorm days.
6. Conclusion
Real atmosphere is neither completely dry nor completely saturated. It remains somewhere in 
EHWZHHQ-XVWEHIRUHWKHRFFXUUHQFHRIWKXQGHUVWRUPVWKHDWPRVSKHUHEHFRPHVYHU\GU\DVUHÀHFWHG
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by a high ș/șe ratio). The predictability of the passage of thunderstorms through the station can 
EHHVWLPDWHGE\SURSHUTXDQWL¿FDWLRQRIWKHș/șe ratio (herein 0.85 to 0.9), which can also be a 
predictive tool to sense the passage of thunderstorms through the selected stations. Surface layer 
UHVSRQGVGLIIHUHQWO\RQWKXQGHUVWRUPDQGQRQWKXQGHUVWRUPZHDWKHUFRQGLWLRQV7KHZLQG¿HOG
plays a very crucial role at the inland station, Kharagpur. The study shows that the surface layer 
becomes turbulent when the mechanical turbulence dominates due to high wind speed during the 
thunderstorm. The transitions between turbulent and stable boundary layer can be observed during 
the changes in different stability parameters. TKE increases directly with the advancement of the 
WKXQGHUVWRUPWRZDUGVWKHVWDWLRQ'LIIHUHQWVXUIDFHOD\HUÀX[HVDUHFRPSXWHGXVLQJDJUDGLHQW
approach. After the sea breeze onset, the general trend is towards a decreasing momentum and 
KHDWÀX[HVZLWKLQFUHDVLQJWHQGHQF\RIPRLVWXUHÀX[ZKLFKLQGLFDWHVDVWHDG\ÀRZRIFRROPRLVW
marine air after the passage of the sea breeze over Kharagpur. The attempt is made in this study to 
understand the surface layer characteristics and its response to two completely different weather 
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Fig. 17. Variation of moist thermodynamic parameter during (a) a thunderstorm day 
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events: thunderstorm and no thunderstorm. Observing the different patterns of TKE and other 
HQHUJ\ÀX[HVRUWKHWHPSRUDOFKDQJHVRIYDULRXVVXUIDFHOD\HUSDUDPHWHUVLVYHU\XVHIXOLQIXUWKHU
studies like boundary layer modeling and thunderstorm forecast over this stations (Kharagpur 
and Ranchi). The abrupt rise in the value of ș/șeUDWLRMXVWEHIRUHWKHWKXQGHUVWRUPUHDFKLQJWKH
Fig. 18. Variability of the moist thermodynamic parameter (ș/șe) for 
thunderstorm and non-thunderstorm days obtained from the data analysis 
of Kharagpur and Ranchi towers.
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7DEOH,,0D[LPXPDQGPLQLPXP073YDOXHVFRUUHVSRQGLQJWRGLIIHUHQWWKXQGHUVWRUPDQGQRQWKXQGHUVWRUP
days over Kharagpur and Ranchi.
Date
(dd.mm.yyyy)
Event and location Time of 
event occurrence
(IST)
0D[LPXP073YDOXH
and time of occurrence 
(IST)
0LQLPXP073YDOXH
and time of occurrence
(IST)
15.04.2007 No thunderstorm
over Kharagpur
--- 0.83 at 06:45 0.66 at 13:25
26.04.2007 Thunderstorm over
Kharagpur
16:30-16:45 0.87 at 16:30 0.74 at 12:00
23.04.2007 No thunderstorm
over Kharagpur
--- 0.84 at 07:30 0.67 at 15:00
01.05.2009 No thunderstorm
over Ranchi
--- 0.83 at 04:30 0.66 at 14:30
03.05.2009 Thunderstorm over
Ranchi
14:30-14:42 0.88 at 14:30 0.74 at 13:00
11.05.2009 Thunderstorm over
Kharagpur
17:30-17:40 0.86 at 1730 0.73 at 14:30
10.05.2009 No thunderstorm
over Ranchi
--- 0.84 at 06:00 0.67 at 15:30
11.05.2009 Thunderstorm over
Ranchi
13:15- 13:26 0.87 at 13:15 0.74 at 11:35
15.09.2009 Thunderstorm over
Kharagpur
18:30-18:48 0.87 at 18:30 0.74 at 15:40
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day’s highest value is certainly a good indicator of the passage of thunderstorm through the site. 
Also, before reaching the maximum value on thunderstorm day, the ș/șe ratio reaches the day’s 
minimum, which remains higher than the non-thunderstorm day’s minimum value. Thus, with a 
SURSHUTXDQWL¿FDWLRQWKHș/șe FRXOGEHDJRRGLQGLFDWRUIRUFRQ¿UPLQJWKHSDVVDJHRIWKXQGHUVWRUPV
WKURXJKDVWDWLRQ6XFKGH¿QLWHFKDQJHVDUHQRWREVHUYHGRQQRQWKXQGHUVWRUPGD\V,WLVFHUWDLQ
that more analyses with more data sets are needed to establish the importance of the ratio ș/șe in 
understanding the prevalence of thunderstorms. 
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